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Abstract:  A new  method  is  presented  for  increasing  the  signal  to  noise  ratio  from  measurements  of 
bearing  housing  vibration.  The  method  is  based  on  the  conventional  ANC  technique  principle,  it  makes 
some  variation  on  the  main  signal  input  and  reference  signal  input.  Because  the  signal  of  the  main  and 
reference  input  are  collected  at  the  different  time,  this  method  is  called  asynchronous  adaptive  noise 
cancelling  (AANC).  It  can  improve  the  signal  to  noise  ratio  as  to  the  case  of  the  detecting  bearing  faults 
when  vibration  signal  of  machinery  are  collected  under  low  frequency  noise  condition.  Experiment  result 
has  shown  that  these  techniques  can  be  made  more  effective  only  after  AANC  has  reduced  the 
background  noise  from  the  diagnostic  signals.  A new  approach  is  proposed  to  the  traditional  fault 
detecting. 
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INTRODUCTION:  Methods  of  machine  condition  monitoring  are  now  receiving  considerable 
attention,  on  the  premise  that  financial  benefits  can  be  obtained  by  reducing  planned  maintenance  costs, 
by  avoiding  catastrophic  failure  and  by  increasing  plants  availability.  The  successful  operation  of  a 
machine  relies  on  the  performance  of  each  component  element,  e.g.,  bearings,  shafts,  foundation,  and  so 
an  effective  approach  to  overall  machine  monitoring  requires  a detailed  understanding  of  the  behavior  of 
these  elements  and  their  interaction^].  Condition  monitoring  and  failure  diagnosis  of  rolling  element 
bearings  is  one  of  the  most  fundamental  and  important  components  in  the  mechanical  system  failure 
diagnostic  technology. 

Vibration  monitoring  is  recognized  as  being  an  effective  tool  when  applying  a programme  of  machine 
condition  monitoring.  A lot  of  methods  have  been  developed  for  localized  faults  of  bearings.  For  example, 
statistical  methods[9],  time  and  frequency  field  analysis  methods[3][10],  analysis  of  bearings  noise[14], 
adaptive  noise  cancelling  technique[4],  fuzzy  and  neural  networks  identification  methods[2][12][15][16], 
etc..  But  there  is  still  not  an  ideal  way  to  diagnose  the  early  failure  of  the  self-aligning  roller  bearing. 
Especially,  the  detection  fault  is  fraught  with  difficulties,  when  the  self— aligning  bearing  nm  in  the 
condition  of  low  speed.  The  signal  to  noise  ratio  is  lower,  and  the  impulse  signal  is  more  difficult  to 
extract  when  the  bearings  are  running  at  the  high  shaft  speed  condition.[16][7][l] 

Adaptive  noise  cancelling  (ANC),  as  this  is  widely  known,  is  a method  of  estimating  signals  corrupted 
by  additive  noise.  It  has  been  applied  to  speech  signals,  electrocardiography,  and  adaptive  antenna  arrays. 
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It  has  also  been  applied  to  fault  detection  of  bearings[4].  This  method  makes  use  of  two  signals  input,  a 
primaiy  input,  which  contains  the  corrupted  signals,  and  a reference  input,  containing  noise  correlated 
with  the  primary  noise.  Generally,  the  signals  of  primary  input  and  signals  of  reference  input  are 
collected  at  the  same  time.  The  reference  input  may  be  derived  from  a sensor  located  at  the  point  in  the 
noise  field  where  the  signal  is  very  weak.  The  signal  to  noise  ratio  will  be  affected  if  reference 
measurement  point  was  unsuitably  chosen.  So,  the  correctly  selected  position  of  reference  measurement 
point  is  very  important,  and  also  is  difficult.  The  method  can  only  cancel  part  of  the  noise  resulted  from 
the  near  component  of  machine  or  the  machine,  it  can’t  completely  cancel  the  heavy  noise  resulted  from 
the  normal  vibration  of  bearings. 

In  this  paper,  a new  diagnostic  method  is  proposed  to  solve  the  problem  that  the  success  rate  of  fault 
detection  is  affected  by  the  heavy  low  frequency  background  noise.  Based  on  the  idea  of  signal  relative 
change,  the  abnormal  running  condition  of  bearings  is  an  relative  change  as  to  normal  running  condition 
of  bearings.  The  measurement  points  of  primary  and  reference  input  are  chosen  at  the  same  place  (same 
sensor).  The  primary  and  reference  signals  are  collected  at  difference  time.  Due  to  the  reference  input 
was  collected  at  the  early  running  time  (normal  running  condition  of  bearing),  and  the  ^'mary  input  was 
collected  at  the  present,  this  method  is  called  asynchronous  adaptive  noise  cancelling  (AANC).  It  can 
eliminate  unwanted  normal  background  noise.  The  background  noise  includes  normal  vibratioi.  noise  of 
bearings  and  noise  machine  vibration.  Subsequent  to  applying  AANC,  enveloping  spectrum  analysis 
techniques  were  used  for  the  purpose  of  detection  and  diagnosis  of  faults. 

THEORY  ANALYSIS:  The  Characteristic  of  Vibration  Signals  of  The  Self— aligning  Roller 
Bearing:  Due  to  the  structure  features  of  the  self— aligning  roller  bearing,  the  rolling  elements  contact 
the  inner  race  and  outer  race  in  line.  Although  the  defect’s  pit  of  bearing  is  the  same  either  in  the  ball 
bearing  or  in  the  self-aligning  roller  bearing,  the  degree  of  collision  between  rolling  elements  and 
defect’s  pit  is  not  the  same  bigness,  when  each  time  a rolling  element  passes  over  a defect.  The 
impulse’s  duration  of  the  ball  bearing  is  shorter  than  that  of  the  self-aligning  roller  bearing.  So,  there 
are  two  main  features  in  the  vibration  signals  of  self-aligning  roller  bearing.  First,  there  are  no  short 
and  sharp  impulse  signals  enough  in  the  vibration  signals  of  self-aligning  roller  bearing.  Second,  the 
vibration  signals  of  self— aligning  roller  bearing  contain  heavy  low-frequency  noise.  Based  on  the  these 
two  features  of  vibration  signals  of  the  self— aligning  roller  bearing,  the  AANC  technique  can  be  used  to 
improve  the  signal  to  noise  ratio  under  the  condition  of  heavy  background  noise  of  low  frequecy. 

The  Method  of  Asynchronous  Adaptive  Noise  Cancelling:  Th  special  principle  of  AAN'  .s  shov.  in 
Fig.  1.  The  signal  S is  corrupted  by  a noise  No  and  received  at  the  primary  sensor  when  the  bearing  was 
running  in  abnormal  condition.  Where  S is  fault  signal  of  bearings,  No  is  noise  of  machine  that  it  contain 
normal  vibration  of  bearings.  A reference  noise  Ni,  which  is  related  to  the  noise  No  in  some  unknown 
way  but  uncorrelated  with  the  signal  So,  is  received  at  the  reference  sensor.  The  vibration  signals  of 
self-aligning  roller  bearing  is  mainly  relative  to  the  shaft  speed.  Under  the  shaft  speed  is  a steady 
constant,  collected  primary  input  and  reference  input  at  different  time  can  satisfy  the  three  assumption 
conditions  of  adaptive  noise  cancelling.  The  three  assumption  conditions  have  been  shown  in  the 
paper[4].  Its  were: 

(1) .  S,  No,  Ni,  and  y are  statistically  stationary  and  zero  means. 

(2) .  S is  uncorrelated  with  No  and  Ni. 


(3).  Ni  is  correlated  with  No. 


E[SN.]  = 0 
E[SNi]  = 0 


(1) 


Machine  Model 


Adoptive  Noise 
Cancel  t ! ng 


Fig.  1 The  Model  of  An  Asynchronous  Adaptive  Noise  Cancelling 


The  output  of  the  ANC  system  is  given  by 

C=S+No-y 


then 


(2) 


C,=S,+2S(N.-y)+(  No-y  )’  ( 3 ) 

•••  y=w,Txj  ( 4 ) 

Where  Wj  is  weight  vector  at  the  jth  instant  of  time,  Xj  is  reference  input  vector. 

CJ=S’+2S(  N.-W'X  )+(  No-WX  f ( 5 ) 

Taking  the  expectation  of  both  sides  of  equation 

E[C,]=E[S’]  + E[(  N.-WTC  )»]  • ( 6 ) 

The  signal  power  E[S!]  will  be  unaffected  as  filter  weights  are  adjusted  to  minimize  E(  C1  ) 

min  E[CJ]  = E[S’]  + min  E[(  N.-WDf  )’]  ( 7 ) 

For  an  optimal  set  of  filter  output  v is  then  the  best  least  square  estimate  of  primary  noise  No.  From 
equation: 


( C-S  )=(  No-y  ) ( 8 ) 

Adjusting  the  filter  weights  to  minimize  the  output  power  thus  causes  C to  be  a best  least  square 
estimate  of  the  signal  S. 


EXPERIMENTAL  SET— UP  AND  DATA  ACQUISITION:  The  experimental  self— aligning 
bearings  are  a bearing  type  of  NSK  22207.  These  bearing  could  be  artificially  localized  defects  induced  by 
electric— discharge  machine.  The  bearing  failure  occurs  with  defects  in  the  outer  race.  The  experimental 
data  include  two  failure  size  types  of  self-aligning  bearing  under  two  kinds  of  shaft  speed  and  one  load. 
The  test  conditions  are  shown  in  Table  1. 

Fig.  2 shows  the  bearing,  housing,  and  the  structure  supporting  them  as  well  as  the  drive.  The  motor 
was  connected  to  the  driven  shaft  on  which  the  aid  bearings  and  test  bearings  were  housed  by  a belt  and 
pulley  system.  The  motor  was  controlled  by  an  alternating  governor  system  ( FUJI  Frenic  5000 
G9S/P9S  ).  The  vibration  was  measured  with  conventional,  piezoelectric  accelerometers.  The  signals 
passed  through  a multi-path  A/D  board  and  then  the  computer,  where  signals  were  analyzed.  The 
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software  not  only  contains  time  and  frequency  domain  signals  analysis  system,  but  also  the  digital 
adaptive  filter  of  asynchronous  and  a digital  low— pass  filter.  A time  domain  data  set  contains  8 samples, 
a sample  has  1024  points.  Spectra  are  averaged  over  8 samples  with  a HANNING  window.  A figure  of 
enveloping  spectrum  was  drawn  by  using  512  points.  The  enveloping  spectrum  of  AANC  ( after  the 
application  of  AANC)  was  drawn  by  using  256  points. 

Table  1 The  Experiment  Conditions 


Name  of  set  up  condition 

Value  of  set  up 

Frequency  of  outer  race 

Defect  Type  1 

2. 6x1x0. 5 (LxWxH  mm) 

Defect  Type  2 

3x1x0. 5 (LxWxH  mm) 

Shaft  speed  1 

417  r.p.m. 

44  Hz 

Shaft  speed  2 

1667  r.p.m. 

180  Hz 

Load 

5 kN 

Generally,  frequencies  of  outer  race  and  inner  race  or  roEer  malfunction  were  used  on  identification 
faults  of  bearings.  For  feature  frequency  of  the  malfunction  of  inner  race,  outer  race,  or  roEer,  there  are 
formulas  for  calculating  the  frequency  regions  in  which  features  may  appear  in  the  spectra[10]. 


Fi’F°  = 7 *- 


(9) 


D 

■ 
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2 
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1 - 
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where  f,  is  shaft  rotation  frequency,  F,  and  F.are  ffequenies  for  inner  and  outer  race  malfunction, 
respectively,  F,  is  frequencies  for  baU  malfunction,  d is  the  rolling  element  diameter,  D is  pitch  diameter, 
n is  the  number  of  rolling  elements,  a is  contact  angle. 


Fig.  2 Experimental  Set-up 


DISCUSSION  OF  RESULTS:  This  paper  presents  the  results  of  asynchronous  adaptive  noise 
cancelling  for  the  cases  referred  to  in  Table  1,  the  results  of  the  time  waveform,  enveloping  spectrum  ( 
before  and  after  the  application  of  AANC  ) are  also  given  to  show  the  effectiveness  of  AANC  in 
eliminating  the  unwanted  noise. 

Fig.  3A  and  Fig.  3B  show  the  normal  signal  of  bearings  when  the  self-aligning  bearings  were 
running  at  the  417  r.p.m  and  1667  r.p.m..  They  are  also  the  reference  signal  of  AANC.  The  capital  letter 
A flag  of  figures  show  defect  type  1.  The  capital  letter  B flag  of  figures  show  defect  type  2.  From  Fig.  5 
to  Fig.  8 show  two  defect  types  at  a shaft  speed  of  417  r.p.m.  From  Fig.  9 to  Fig.  12  show  two  defect 
types  at  a speed  of  1667  r.p.m. 

Detecting  the  faults  of  bearing  are  difficulty  as  to  signals  of  vibration  when  the  bearings  are  running 
at  the  V;w  speed  and  the  small  size  of  d tfect  is  small.  There  are  heavy  low  frequency  background  noise 
when  the  bearings  are  running  at  the  low  ( 417  r.p.m.  )or  high  shaft  speed  ( .667  r.p.m.  ).  Fig.  4 and 
Fig.6  also  show  the  heavy  disturbance  of  low  frequency  whether  the  bearings  have  defect  or  no  defect 
For  example,  near  228  Hz  and  487  Hz  have  bigger  value  of  amplitude. 


Fig.  4 The  Enveloping  Spectrums  of  Normal  Signals 
A comparison  of  the  estimated  bearing  signal  waveform  Fig.  11  with  the  raw  bearing  signal  Fig.  5 
shows  these  two  waveforms  are  similar.  In  Fig.  7 and  Fig.  11  , the  impact  waveform  is  more  clear  than 
the  raw  bearing  signal  waveform.  The  heavy  low  frequency  background  noise  has  been  eliminated,  but 
the  faults  recognition  still  is  difficulty  by  time  waveform. 

In  Fig.  8 and  Fig.  12  the  defective  bearing  waveform  is  shown  along  with  its  enveloping  spectrum  ( 
before  and  after  the  application  of  AANC  ).  The  enveloping  spectrum  clearly  shows  the  amplitude  of  the 
fault  bearing  waveform  after  the  application  of  AANC.  The  failure  frequency  of  outer  race  can  be  found  at 
the  42Hz  and  46Hz  in  the  Fig.  8,  but  it  is  not  very  clear  to  see  from  spectrum.  The  case  may  be  resulted 
from  resolution  of  spectrum,  the  resolution  is  10Hz  in  Fig.  8 and  Fig.12. 
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Fig.  12  Defect  Type  1 Enveloping  Spectrum  After  AANC 


CONCLUSION:  It  has  been  shown  that  AANC  method  is  a potentially  powerful  method  to  identify  faults 
when  the  bearing  was  running  at  low  speed  or  defect  size  of  bearing  is  small.  It  is  more  effective  for 
self-aligning  bearing  fault  detection  and  diagnosis  when  combining  AANC  with  enveloping  spectrum 
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analysis  technique. 

This  paper  proposes  a variation  of  ANC  for  those  situations  where  the  main  input  signal  and  reference 
input  signal  are  collected  at  the  same  sensor  from  bearing’s  housings.  It  can  not  only  increase  the  signal 
to  noise  ratio  under  heavy  low  background  noise,  but  also  simplify  measurement  location  choice.  The 
technique  enhances  traditional  fault  detecting  of  self- aligning  bearing. 

REFERENCES 

[1]  Yimin  Shao,  Kikuo  Nezu,  " An  On-Line  Monitoring  And  Diagnostic  Method  Of  Rolling  Element 
Bearing  With  AI ",  Proceedings  of  SICE  ’95, 1543-1548,  Sapporo,  Japan,  July  26-28, 1995. 

[2]  Yimin  Shao,  Kikuo  Nezu,  ” Feature  Extraction  of  Machinery  Diagnosis  Using  Neural  Network  ”, 
Proceedings  of  IEEE  Interbational  Conference  on  Neural  Networks,  Vol  1,459-464,  Perth,  Austrilia, 
November,  1995. 

[3]  Karl  Barthel,  * The  Shock  Pulse  Method  for  Measuring  the  Condition  of  Antifriction  Bearing  ”, 
Tappi,Vol.  60,  NO.8,  Aug.  1977. 

[4]  G.  K.  Chaturvedi,  D.  W.  Thomas,  "Bearing  fault  detection  using  adaptive  noise  cancelling", 
Transactions  of  tue  ASME  Journal  of  Mechanical  Design,  Vol.  104,  280-289,  1982. 

[5]  C.J.LI  and  S.M.Wu,  "On-line  detection  of  localized  defects  in  bearings  by  pattern  recognition 
analysis",  ASME  Journal  of  Engineering  for  Industry,  111,331— 336, November,  1989. 

[6]  J.  Mathew,  R.  J.  Alfredson,  "The  condition  monitoring  of  rolling  element  bearings  using  vibration 
analysis",  Journal  of  Vibration,  Acoustics,  Stress,  and  Reliability  in  Design,  Vol.  106,  447—453,  July 
1984. 

[7]  S.  Braun,  B.  Datner,  "Analysis  of  roller  / ball  bearing  vibrations",  Transactions  of  the  ASME  Jouranal 
of  Mechanical  Design,  Vol.  101, 118-125,  January,1979. 

[8]  M.  Serridge,  'Fault  detection  techniques  for  reliable  machine  condition  monitoring",  sound  and 
vibration,  18-23,  May,  1989. 

[9]  D.Dyer,  R.  M.  Stewart,  "Detection  of  rolling  element  bearing  damage  by  statistical  vibration 
analysis",  Transactions  of  the  ASME  Journal  of  Mechanical  Design,  Vol.  100,  229—235,  April,  1978. 

[10]  J.  I.  Trylor,  "Identification  of  bearing  defects  by  spectra  analysis”,  Trans,  of  the  ASME  Journal  of 
Mechanical  Design,  Vol.  102, 198-204,  April,  1980. 

[11]  Sherman  S.  Wang,  "Diagnostic  Expert  System  for  Industry",  Proceedings  of  the  2nd  International 
Machinery  Monitoring  & Diagnostics  Conference  &Exhibit,  xvii— xxv,  Losangeles,  California,  1990. 

[12]  J.  Xu,  H.  Peeken,  'Failure  diagnosis  system  using  Fuzzy  logic",  The  1989  ASME  design  technical 

conferences— 12th  bienial  conference  on  mechanical  vibration  and  noise,  De— Vol.  18—3,  4, 

18-5,  93-99,  Montreal  Quebec  Canada,  17-21,1989. 

[13]  J.  Sandy,  "Monitoring  and  diagnostic  for  rolling  element  bearings",  Sound  and  vibration,  16-22,  June 
1988. 

[14]  Simon  G.  Braun,  "The  signature  analysis  of  sonic  bearing  vibrations",  IEEE  Trans,  on  sonics  and 
ultrasonics,  Vol.  Su— 27,  No.  6,  November  1980. 

[15]  T.  I.  Liu,  N.  R.  Iyer,  "Diagnosis  of  roller  bearing  defects  using  neural  networks",  The  International 
Journal  of  Advanced  Manufacturing  Technology,  Vol.  8,  No.  4,  210-215, 1993. 

[16]  L E.  Alguindigue,  A.  L.  Buczak,  R.  E.  Uhrig,  "Monitoring  and  diagnosis  of  rolling  element  bearings 
using  artificial  neural  networks",  IEEE  Trans,  on  industrial  electronics,  Vlo.  40,  No.  2,  April, 
1993. 


